point where t"h'e thread cuts the graduation w•l be the amount by which the needle northeasts or northwests according to the side of the line or meridian from which it deviates. And this, as has been said, will be when the ship is on the parallel on which the Sun would be that day. And if the ship should be on another parallel, all the distance from the parallel of the ship to the parallel of the Sun must increase or decrease from the degrees which will be between the thread and the meridian of the instrument according to the side on which the thread and the needle depart from the meridian, and the remainder will be the amount which the needle will northeast, etc. And these are better ways of determining the meridian and the northeRsting of the needles than by the higher altitude of the Sun taken with the quadrant, because the Sun at noon has so little more altitude than it has a little before and after noon that it is difficult to determine precisely the meridian; and more because this method serves us many times a day. And although there are other ways and rules for determining the meridian, no others are given here since they have not yet been tried and these suffice.
The attractive fc)rce of the lodestone causes the nature of the iron to join with it and at rest so much that although heavy and weighty it does not fall because the nature of the iron does not remain in it but joins with the nature of the stone which seems to extend whence we see that by this union it happens that it not only attracts this iron but this to another, and another to another and thus is formed a chain* as experience has shown. St. Augustine was surprised as he has written in the books of "De Civitate Dei "t because on a plate he saw a bit of iron agitated when the lodestone was moved about under the plate. It is called a magnet after the name of its discoverer who (according *Or string of beads.
•The passage referred to is Book 21, Chapter 4, of "De Civitate Del." It is as follows: "\Vhen I first saw it (refers to the attraction of the magnet) ! was thunderstruck (vehementer inhorrui), for I saw an iron ring attracted and susr>ended by the stone; and then, as if it had communicated its own property to the iron it attracted, and had made it a •ubstance like itself, this ring was put near another and lifted it and as the first ring clung to the magnet, so did the second ring cling to the first. A third and fourt•t were similarly added, so that there hung from the stone a kind of chain of rings with their hoops connected, not interlinking, but att. This and the others have their own virtue of attracting iron. It is true that Theanxedes wrote that in Ethiopia there is another kind of magnet wl•ich separates from and repels iron. The commentator denies that the lodestone attracts iron to itself but says that the iron by natural inclination moves to the stone as to its natural place by reason of a property which the stone impresses on the iron. Besides this virtue and property which it has of thus attracting iron, it has another which gives to the iron virtue and power to indicate the two points of the horizon where the meridian cuts it which is in the two windst north and south. This virtue is more intense in only two parts of the stone and these parts are always opposite, and thus they are contrary in their operation because if the iron is touched with one and placed where it can move freely it will point towards the north and if another iron is touched with the other part it will point towards the south. By making this experiment, it is known which part of the stone corresponds to the north, which the mariners call face (tara) of the stone, and which to the south. This stone is so necessary that without it, navigation would be defective and uncertain because it gives life to the needle and the needle guides the pilot in order that he may sail correctly by day and not go astray by night. It shows the way around the world, enables us to know the winds, and as the needle is so necessary let us show the order and way we should proceed to make one, because it would be possible on a voyage for the needle to be spoilt or get lost.
•The author doubtles• has in mind the following passages: "It received its name magnes, Nicander inform• us, from the person who was first to discover it, upon Ida (Isidorus says 'India').
It is found, too, in other countries, as in Spain, for example. Magnes, it is said, made this discovery, when, upon taking his herds to pasture, he found that the nails of his shoes and the iron ferrel of his staff adhered to the ground. Chapter 4--Of making the needle or navigating compass Take a piece of paper, like that used for playing-cards, and draw on it a circle of the size of a hand, more or less, on which are to be painted the 32 winds with the colors and in the order given in the first and second chapters on the winds and the chart, not forgetting to mark the north with a fleur-de-lys and the east with a cross and to embellish and adorn each of the others according to your fancy. Then on the lower part of this pasteboard a line is to be drawn directly under that of the north-south which shall be a mark for setting the irons or steels (needles). Afterwards, one is to take an iron or steel wire as thick as a large pin or corresponding to the size of the circle of the rose-paper, as a needle, or compass as it may now be called. This iron is now to be bent and each of the parts should be !-!/4 times as long as the diameter of the compass. The ends or points of these irons or steels are to be compressed and adjusted and in the middle so opened or closed until the ends come equal to the ends of the diameter of the compass and thus give to the steels an almost oval form [see Figure] . These irons are to be fastened to the lower part of the compass so that their ends or points come exactly in the north-south line, and in order to secure them thus they are to be covered with a thin pasted paper leaving the points or the ends of the iron uncovered.
And these ends are to be touched with the lodestone as follows: The part which is below the fleur-de-lys is to be rubbed by that part of the stone which corresponds to the north (as is stated in the preceding chapter) and this is sufficient for perfecting the needle. But some desire for its over-perfection to touch the other end of the iron with that part of the stone which corresponds to the south. It also was sufficient to touch with this part alone. In order that the demonstrative virtue be engendered, this touching of the iron with the stone is to be accomplished by striking some blows with a hammer on the part of the stone which is to be touched, namely, the north or the south. And some barbs (particles) will appear where the point of the iron is rubbed, as if it (the lodestone) were whetted, and some of these barbs of the stone will adhere to the iron. And having rubbed and attached the irons, one is to take a brass point of pyramidal form being broad at the base and rising to a point. This is made round or octagonal as seems best and at the base or wide part, a hole is to be bored with a bit and the hole should be pyramidal in form and penetrate to the middle of the pyramid or a little farther. This pyramid which the majority of mariners call "chapitel" should have a height of a finger's breadth or be according to the needle. And it has to be fitted into the center of the compass, the point extending from the upper part, and there it has to be attached and firmly fixed. Then one must take a'round wooden box built around the needle so that it will not touch the walls of the box and as deep as the semi-diameter of the needle. The bottom of this box has to be false so that it may be taken off and put on in order that the steels may be again touched with the stone (which they call cevar [fattening]) when it may be necessary in order that the needle may not lose its virtue. In the middle of the bottom of this box is to be placed a pointed brass wire directed upwards and on this point the rose or compass has to go, the hole of the chapitel being seated on this point.
And in order that no wind enter from above, this box must be covered with a glass. And thus magnetized by the stone and placed on the point it (the needle) will point towards the north and consequently indicate all the other winds. It is to be noted that after the needle has been touched in any of these ways, if they bring the north part of the stone to the north end of the needle, the north end will approach it and if they bring it to the south end of the needle, it will be repelled by it, and on the contrary if they bring the south part of the stone to the south end of the needle, it will approach it, and if to the north end, it will be repelled.* It is understood that the needle is so fixed as to have free movement. And also it is a good sign for knowing which is the north and which the south of the stone. Moreover this box is to be placed in another on two rings, one suspended within the other to assure that the needle may not rock even if the ship rocks. And this box has also to have its wooden cover in order that it may protect the other and to assure that the point of the pyramid or chapitel and its hole and the point on which it goes are upright, and also that the rose does not decline to either side. And if it should be more active than necessary the point on which it turns may be made blunter.
Chapter 5 make the same movement in 24 hours. This is not found to be the case; therefore, this point is not in the mobile heavens nor in the pole because, if it were in it, the needle would neither decline to the northeast nor to the northwest. Hence, the cause of the northcasting or northwesting or deviating from the pole of the world is that, being 'in said meridian, the attractive point and the pole are in that same meridian and if the needle pointed directly to that point, it would point directly to the pole. And traveling from that same meridian towards the east (since the Earth is round) the pole of the world would continue to be on the left hand and the point of the attractive virtue would be on our right hand (which is towards the northeast wind) and the farther we proceed to the east, the greater will appear the distance until we arrive at 90 ø and at that point will be the greatest declining to the northeast. And as we advance farther beyond that point, it will appear to us that the attractive point approaches the meridian line and correspondingly the needle will compensate the northeasting until return to the same meridian is completed from the opposite direction from that in which we started and then the attractive point will be over the pole of the world and the needle will point directly to it. And passing on from there the pole of the world will remain on the right hand and the attractive point on the left and thus the needle will begin to decline to the northwest, increasing until it arrives from there to 90 ø and here will be the greatest declining to the northwest. Because returning toward the meridian of the attractive point, it will continue to correct itself until it reaches the meridian whence it started and there the needle will point to the pole of the world directly in line with the attractive point which is perpendicular under the pole. And if from there you again journey towards the west the pole would remain on the right hand and the attractive point on the left hand and hence the needle would decline to the northwest. This is the cause of the northcasting and northwesting of the needles. It is not to be understood that the northeasting and northwesting is uniform as one departs from the meridian where the needle points true. In the beginning, as one continues to go from the said meridian, there is a difference in quantity and the subsequent increase is small and the smaller the more one departs from the said meridian owing to the position] t of circles intersecting on a sphere. *In the Ptolemaic system of astronomy, the tenth and outermost of the concentric crystalline •pheres which was supposed to rotate from east to west in 24 hours carrying the other spheres with it.
•The meaning of this passage is obscure. The text is a, follows: "Pot quees passion de eireulos inter-
